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Water quality fuzzy evaluation based on
entropy method-improved set pair analysis
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Abstract: In order to solve the problems in the index weight calculation with multiple methods for water quality
evaluation, we used the improved set pair analysis (SPA) fuzzy evaluation method based on information entropy
and obtained river water quality estimation grade results. This method combines objective weight and improved SPA
fuzzy evaluation and avoids the interference from simple subjective weight, so that the evaluation result can be much
more objective. The method was applied to seven monitoring sites in the lower reaches of the Luanhe River in the
Tangshan District. The evaluation results of the method showed a conformity degree of 100% , compared with that
of the synthetic index method, and a conformity degree of 85.7% , compared with that of the grey relational

analysis method, indicating that the proposed method is rational.
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1 WHEEERE

AR BIET (R () = — 3 p(e) Inp(x,) FEMCRGEH TR ILRLIE i BLA I R0 JEIF LR
B AR FRAEMEIF LRI . (TR0 R BRI — 00 T LA T (12 7 1022
SPRRFE RS R IORUTR, 9 S35 R4 2 VP IR R AR . (R — B0 LA B AL R o
B TN M BN 22 3 ELAEANZS IR RSB A0 — R RO T SR T

AT m AREEL o U HORITR BRI X = (x,) 0

a. XF 1 fLAb 3,

p; = i (i:1,2,---,m;j=1,2,-",n) (1)

b. THEER j IR bR A

e/ = - Z pbjll’lpy (2)
c. TIRES j WHEARRIACE . X T4 E I j, T8 br R RCE BOC, BT 7 i PE4E b 9 22 5 O T PPFR AR Y
T(E BN R %

u = — (3)

XFu, ETH—LAET 5w, = 1, WU AR 0, =0, 3w, KERRAE 1% H I
T B, WA T IR A R A S D7 Rt AT
2 SEXotAE

FEXFIIHT (set pair analysis, SPA ) JE#4 78 B 7E 1989 4F 4 H (1 — R (9 R G Ar Mg vk I EN
TIEAFTERIA R Z AL R b, e AR, [6) 5 S PP AN IR R, st KoK BT i e A 5 38K B e —
NTT AP RO TEAT S — ORI 2E” R Pl AT R B ARG Wl S A A 22 501 5 TR 25 AT A 22
2 ARZE W2 SN2 3, ERORAG 2 o ik ) P UL B SR AL B R AT AN A 2 g
iRt

A n VP ER A5 TR BRI A IR A = 0,00 | BRI p 52
TR N IR F ARSI B, =[x, o1y, | SR — A g TR,
B2 AR AR (A B, e 2 A AR s, Bl o, 25 x, BT o, BSE RS A
SR 2, AT o, WORIABAERI | FLAEIAR BB 300, MR 5 | FE 30 b, 5 5 x, BT v,
AIRRSRG T, BAEIE o 95 26—, WA e 45 5 HAELRTIC N 0,0 5 2, 20T o, BIRHBR SN T, BLAEVT
WP OB —32 WA AR, ARSI ¢, s 45 x, 0 T o, ROFHBR SN T, HAEIFHr 9000 95 26 —301, A
s R, HABRTIEH ¢y XHE, b, c [RRHE— 2D 404k, IF X AEAL BRAT & IR0 &R B m] e, HARTPPAN Y
WLSCHR[14 ],
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e. EHEGMET M W5 R SHAGE B, HIEABALN B=WeR,* " NEMTIZHH T,
£, RS Sdm I PP IT S0 LR PEFI S5

4 ETHEEUHEXN TR KREMENITE

4.1 HHRIEE

PEIBCASTR I 07 R LU X 7 A Wil s 2003 4R A4 2K IR, 23008 11 (S, ) (EEH(S,) (BRHEAK
JE(Sy) VINEIRFFE(S,) BEFIKIZE(Ss) AE(S,) RE(S,) o BUAMA (x,) E A (x,) IR (x;) R
) (x,) 4 THEFAEADIFER R, 0 RARMENR 1,
4.2 WBEEHERRNE

a. BT UG B R I k1 HERAKDSRIE
[ 1.45 9.13 0.23  0.30] Table 1 Surface water quality criterion grades mg/L
2.62 8.27 0.33 0.60 g N “ M o
5.73 8.93 0.26 0.48 I =75 <0.15 <2 <1.0
X=(x;)74=[3412 0.70 16.98 0.41|(4) I =6.0 <0.50 <4 <1.0
3.66 8.63 0.13 0.63 i =00 =10 =6 <10
v =3.0 <1.50 <10 <l1.5

138.03 3.83 2.72 0.41]
b. MR (1) T &%E%%ﬁ% FEN X" =(p;) 10
c. TFEE j Wi bRl Em
d. IR j WP, ﬁ%ﬂ SRR N W=[w, ,w, ,w,,w, ] =[0.178,0.410,0.244,0. 168 ],
4.3 HHEXNHTEMSEEITN
a. AN S, WS A E FR R AR

1 0.784 + 0.216i"  0.440 + 0.440i" + 0. 1207 0.468 +0.234i" + 0298 0.369 +0.295i" + 0. 336"
R - 1 0479 +0.20i" 0.242 +0.363" +0.395" 0.326 +0.163i" + 051" 0,140+ 0.2820" + 0.57" | o
0.652 + 0,348 1 0.649 + 0.351;" 0.394 +0.394i" + 0.2127"  0.283 +0.283i" + 0. 434]"
I it 1j* 0.417 +0. 583" 0.417i" + 0. 583"

b. 1] Matlab THEERPEXS S, sl A THRIE 5 .
B, =W-R, =[0.9151 +0.0849:~ 0.5801 +0.4199;* 0.336 + 0.3127i" +
0.3513;" 0.3831 +0.2046:i" +0.4123;"  0.1921 + 0.307:" + 0. 5009;" ]

AL shi(A)=a/c 8% shi(A)=a/b,shi(u, )= 10.779,shi(u, )= 1.382,shi(u,)=0.956,shi(u,)=0.929,
shi(ug)=0.384,

IR S G S AR S, WE sl N T ZE) V SR AH :T4. T% ,9. 6% ,6.6% ,6.4% ,
2.7% o FLAAG3E] S, Wl st 9P g R0 1 9, (A3, nl 4530 HAt 6 > Wil sl s iPPAN 45 2R (R 2)

3 3 BB M D0 sl 6 R A B 2 R KA TR S O PN S5 RS 2, A BPPAN 45 R IR .S, S, , S5,
Ss Fl S Wailsh dioh 1 9458, ,S, Wik sy VgL,
5 & iE F2 HENEIFENER

Table 2 Evaluation results of monitoring sites

=1 Bt P2 » 4 AA
/fﬁﬁﬁ*ﬁmﬁ/j}(&%}%l— VF% Qﬂ‘ U shi(u,) shi(u,) shi(usy) shi(uy) shi(us)

WL NP & R I F .S, 8,, S, S, 10. 779 1.382 0.956 0.929 0. 384
Sy, S, Wi ’:Tjg [ %%;S,,S, Wil S, 4.708 2.256 1.414 1. 405 0. 483
& S, 14.515 1.219 1.410 1. 448 0.528

qu"&k BRSSO S S, 0.289 0.034 0.033 1.670 9.153
R FFEEED 100%, K6k S, 11.392 1.798 1.346 1.311 0. 461
BE M & R T:S,,S,,5;,Ss, S S 6. 442 0.777 1.155 1.980 0.614

%‘Uﬂ” jljj }‘Ef\ j‘j I gli; S4 11 il U\IJ 115 IJ_‘T j‘:’ Vv S; 0.790 0.290 0. 468 6. 383 7.789
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